In England and Wales, meningococcal disease caused by group W has historically been associated with outbreaks of disease among travellers to high-risk countries. Following a large outbreak associated with travel to the Hajj in 2000, the number of cases declined and, in 2008, only 19 laboratory-confirmed cases were identified nationally. In 2013, in the East Midlands region of England, eight cases of meningococcal disease caused by this serogroup were recorded, compared with six from 2011 to 2012. To explore this further, data for all cases with a date of onset between 1 January 2011 and 31 December 2013 were collected. Data collected included geographical location, clinical presentation and outcome. Fourteen cases were identified; two died as a result of their illness and two developed long-term health problems. No commonality in terms of geographical location, shared space or activities was identified, suggesting that group W is circulating endemically with local transmission. Clinical presentation was variable. Half presented with symptoms not typical of a classical meningococcal disease, including two cases of cellulitis, which may have implications for clinicians, in terms of timely identification and treatment, and public health specialists, for offering timely antibiotic chemoprophylaxis to close contacts.
Introduction
There are 13 Neisseria meningitidis capsular groups known to cause invasive meningococcal disease (IMD); in England and Wales, around 80% of cases are caused by capsular group B (MenB) [1] . Meningococcal group W (MenW) has historically been responsible for only a small proportion of disease in England and Wales. In 2000, however, there was a major international outbreak of meningococcal disease caused by group W (type 2a subtype P1.2, P1.5) associated with pilgrims attending the Hajj. Previously, this strain had only rarely been isolated in European countries [2] . In just over four months in 2000, 90 cases were reported from nine European counties, with 42 of these in the United Kingdom (UK) and 24 in France [2] .
Following the Hajj-related outbreak, MenW became an increasingly common cause of IMD in different parts of the world. In Gauteng Province in South Africa (which includes the cities of Pretoria and Johannesberg), for example, MenW is now considered endemic, accounting for 75% of cases in 2005 compared with 7% in 2000 [3] . In 2002, in Burkina Faso, 13,000 suspected cases were recorded, with the highest attack rates seen in infants aged one year and under (1,092/100,000) [4] . Other sub-Saharan countries have similarly reported an increase in MenW disease, also in young children, following the successful implementation of the MenA conjugate vaccine [5, 6] . [7] .
Following the introduction of mandatory vaccination for
In 2013, health protection teams working in the East Midlands area of England were notified of eight MenW cases, including six cases notified within a three-month period (September to November 2013). We therefore undertook detailed analysis of all laboratory-confirmed MenW cases in the East Midlands over three calendar years (2011-2013) to identify any epidemiological links between the cases and to describe key features, including patient demographics, travel history, co-morbidities, clinical presentation, complications at hospital discharge and outcome.
Methods
All laboratory-confirmed IMD cases reported to Public Health England (PHE) between 1 January 2011 and 31 December 2013 in the East Midlands region of England were identified through a systematic search of HPZone, a national computerised system used to record all health protection activity undertaken by Public Health England. It is designed to assist with public health management of individual cases and to facilitate outbreak and incident management. Data for one area of the East Midlands (Northamptonshire) were only available up to April 2013 as changes in geographical boundaries meant this area became the responsibility of another regional health protection team. Queries were developed to identify any HPZone cases with 'W' and 'meningococcal' mentioned in key recording fields. The confirmed meningococcal cases in the period of interest were also hand-searched. For validation purposes, cases occurring in 2013 were checked against data held by PHE's national Meningococcal Reference Unit (MRU) in Manchester. All identified cases were included in the MRU dataset and no further eligible cases were found. Submission of invasive meningococcal isolates to the MRU allows both phenotypic and comprehensive genotypic characterisation for local and national surveillance, including identification of closely-related strains in clusters and outbreaks. Since July 2010, all clinical isolates have been subjected to whole genome sequencing [8] . The MRU also provides a free national PCR-testing service for National Health Service (NHS) for non-culture confirmation of IMD in 
Results
The HPZone search identified 14 laboratory-confirmed MenW cases in the East Midlands region during 2011-13. Just over half of cases were female (n = 8, 57.1%) and only one case had a recorded ethnicity that was not White British. The median age of cases was 47 years (range: 3 months to 87 years) and half the cases were diagnosed in ≥ 45 year-olds. Three cases were in infants (aged < 1 year), including one who died as a result of the infection. All cases were assessed for commonality in relation to date of onset, geographical location and contact history in the seven days before onset. There were six cases in 2 years: three in 2011 and three in 2012, and eight cases in 2013, including six in the period from 1 September 2013 to 30 November 2013. No commonality between these cases could be identified. In terms of activity in the seven days before IMD onset, three had a travel history recorded: one within the UK and two abroad, but not to countries at highrisk for MenW (for example, Sub-Saharan Africa). From the information available, none of the cases had been in contact with anyone who had recently travelled to a high-risk country.
The age distribution, clinical presentation, co-morbidities and outcomes are summarised in Table 1 .
The most commonly recorded symptom at admission was fever, followed by coryzal symptoms and diarrhoea. Of the 14 cases, seven were considered to have an atypical presentation. One case presented with abdominal pain and fever and was initially diagnosed with appendicitis, while another case presented with diarrhoea and vomiting only. Two other cases presented with cellulitis and another with a septic joint. The overall median time from hospitalisation to reporting the case to PHE was two days (interquartile range: 2.5 days). For cases with atypical presentation the median was three days (interquartile range: 5 days) compared with 0.5 days (interquartile range: 1.75 days) for those with typical presentation.
Three cases had a known underlying health condition; one was immunocompromised, another had diabetes and the third had borderline myeloma but was not immunocompromised. Two patients died as a result of their illness, an infant and an older adult aged > 85 years. One case also developed locked-in syndrome after reaching hospital in a critical condition and another developed bilateral hearing loss following MenW meningitis.
Thirteen cases were confirmed by culture and one by PCR only ( Table 2 ).
All 13 meningococcal isolates underwent serological phenotyping and 10 (76.9%) were serotype 2a, of which seven (53.8%) were sero-subtypes P1.5 or P1.2 ( Table 2) .
MLST CC was available for all 13 culture positive cases and of these 10 belonged to clonal complex cc11, thereby confirming the strong association between serotype 2a and cc11. All seven case isolates phenotyped as sero-subtype P1.5 and P1.2 were confirmed as porAVR1 5 and porAVR2 2. The 10 cc11 case isolates were subjected to whole genome sequencing as part of enhanced national surveillance and belonged to the South American/UK strain recently identified and reported by PHE MRU [8] . The PCR-only case was determined to be porAVR1 5 and porAVR2 2 by specific gene sequencing.
Discussion
The recent increase in MenW cases diagnosed in the East Midlands mirrors the national year-on-year rise in laboratory-confirmed MenW cases since 2009 [7] . Detailed analysis of the 14 identified cases found no clear epidemiological link between the cases, but highlighted the severe course of illness with unfavourable outcomes across all age groups. The lack of overseas travel to high-risk countries and a lack of shared activities or space, suggests that this strain is circulating in our region with local transmission. Furthermore, molecular characterisation and whole genome sequencing of clinical isolates found a single strain to be responsible for 10 of the 13 cases [8] . Because of the small number of cases, it is not possible to determine whether this particular strain was associated with more severe disease outcomes, in terms of clinical presentation, long-term complications or death. However, our findings do fit with existing evidence that, when compared with the more common MenB cases, MenW cases were more likely to have atypical clinical presentations [7] . Atypical clinical presentations have important implications in terms of delays in diagnosis and notification to health protection teams, leading to delays in treatment, contact tracing and timely administration of antibiotic chemoprophylaxis to close contacts for prevention of secondary IMD cases.
Internationally, policies vary but vaccination is generally restricted to high-risk groups or as part of outbreak management. Exceptions include the United States where all [11] [12] [13] [14] [15] [16] [17] [18] year olds are offered the conjugate quadrivalent MenACWY vaccine [9] . In August 2015, and in response to rapid expansion of the endemic hyper-virulent MenW cc11 strain, a MenACWY catch-up programme was introduced in the UK for young people aged 14-18 and those aged less than 25 years and attending university for the first time [10] . In England and Wales, vaccination against MenW is also recommended for travellers to MenW endemic countries, for at-risk individuals with conditions such as asplenia, hyposplenia and complement deficiency, and also for close contacts of patients with IMD caused by this serogroup [1] .
It is important that clinicians are aware of the changing IMD epidemiology and the unique characteristics of MenW that differentiate this capsular group from the classical presentations associated with MenB or MenC. IMD generally can be difficult to diagnose because symptoms are often similar to a viral illness, especially in the early stages of illness (e.g. fever, headache, runny nose). Classical symptoms associated with IMD such as the non-blanching rash, neck stiffness and impaired consciousness tend to present later, by which time the patient is already seriously ill and more likely to have an adverse outcome [11] . In our cohort, information on clinical presentation was derived from information recorded when the patient arrived at the hospital emergency department. Notably, more than half of the patients did not have any of the classical symptoms of meningococcal disease. This is consistent with published reports confirming that patients with MenW are more likely to develop non-meningeal manifestations such as arthritis, pericarditis and pneumonia [12] [13] [14] . In France, analysis of all cases of meningococcal disease between 1999 and 2002 found that MenW was significantly more likely than other capsular groups to be associated with meningococcal arthritis and meningococcal pneumonia [12] . Two patients in our cohort presented with cellulitis, which is a rare manifestation of IMD, previously only reported in individual case reports or small case studies and more often associated with MenY or MenB [15, 16] . IMD presentation with common gastrointestinal symptoms such as diarrhoea and vomiting has also been reported in the literature. In one study, for example, 24 patients were erroneously hospitalised for gastrointestinal symptoms (with two having appendectomy) and were subsequently found to have meningococcal disease [12] . The age distribution of MenW cases is also different to the more common MenB or MenC cases. In our cohort, for example, half the cases were diagnosed in older adults, who would generally not be considered to have IMD, especially if they develop atypical clinical manifestations such as pneumonia or septic arthritis.
An important consequence of the unusual clinical presentation of MenW disease is that a diagnosis of IMD is often not considered until N. meningitidis is isolated from sterile-site cultures (blood, cerebrospinal fluid (CSF), joint), which on average takes 24-72 hours. Confirmation of capsular group can take longer because this requires isolate submission to the national reference laboratory. While PCR confirmation of IMD and capsular group may be quicker, it requires the clinician to consider IMD in the differential diagnosis. In England and Wales, local hospital laboratories do not offer PCR-testing for meningococcal disease. Therefore, the sterile-site samples (blood/CSF/joint) have to be submitted to the national reference laboratory (MRU), which offers a free national PCR-testing service. This is less likely to occur if patients have non-specific and/or atypical clinical presentations, which is more likely to occur with MenW. The submission of all meningococcal isolates to the MRU, irrespective of PCR investigations, is essential for continued national surveillance, particularly in light of the two new meningococcal immunisation programmes introduced in 2015 [17] .
The analysis presented here is limited by the small number of cases, but we have identified a clear increase in MenW cases locally, which is consistent with national trends. The recent emergence of a single strain responsible for most of the recent MenW cases and the lack of a travel history in most patients suggest that this strain is endemic and could lead to further increases in MenW cases. Moreover, although HPZone records limited clinical data, we found that a considerable proportion of cases did not have the classical symptoms of IMD and, as a result, diagnosis and treatment (as well as public health notification and antibiotic chemoprophylaxis for close contacts) may be delayed. Clinicians should, therefore, be aware of the national increase in MenW cases, the atypical clinical presentations associated with MenW disease and the importance of early notification of confirmed cases to local health protection teams to ensure timely chemoprophylaxis and vaccination are offered to close contacts.
